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变，较难检测，对检测技术要求极高。本论文凭借实时 PCR 平台与传统 PAP 
(pyrophosphorolysis-activated polymerization)相结合的多重实时定量的双 PAP 技
术，致力于实现非小细胞肺癌 EGFR(epidermal growth factor receptor)基因以及结
直肠癌 K-ras 基因稀有突变的检测。 
     第一章，综述了稀有突变与靶向治疗的关系，介绍了目前稀有突变检测的
各种方法的优缺点，提出了多重实时定量的双 PAP(pyrophosphorolysis-activated 
polymerization)技术的新思路。已有大量研究表明，非小细胞肺癌中 EGFR 
(epidermal growth factor receptor)稀有突变与靶向治疗药物吉非替尼的敏感性相
关，结直肠癌中 K-ras 稀有突变与靶向治疗药物西妥昔单抗的耐药性相关，因此，
稀有突变检测至关重要。但是目前已有的稀有突变检测方法由于选择性太低并不





的双 PAP 技术的新思路。 
     第二章，为了考察多重实时定量的双 PAP 技术是否确实具有极高选择性，
多重能力及精确定量能力，本章进行了试验设计。以 EGFR(epidermal growth 
factor receptor)两个 重要的点突变 T790M 和 L858R 为代表，先设计试验考察该
技术是否具有三重能力（T790M,L858R 和内控）。若具有三重能力，再设计试验
考察该三重的灵敏度，耐受性，选择性以及是否具有精确定量能力。另外，针对
该技术可能具有的较 ARMS(amplification refractory mutation system)技术更少的
引物二聚体以及较 ARMS (amplification refractory mutation system)技术更优的
















量能力及较优的 FFPE (formalin-fixed paraffin-embedded) 样品检测能力，再将此
技术用于 K-ras 基因的七个耐药性突变的检测当中。 
第三章，T790M 和 L858R 的表征结果表明，多重实时定量的双 PAP 技术确
实能做到三重，三重中 T790M 和 L858R 的灵敏度均能达到 3 个拷贝，选择性均
能够达到 1/10000，定量标准曲线的线性关系均能达到 0.990 以上。并且，相比
于 ARMS (amplification refractory mutation system)技术，多重实时定量的双 PAP
技术不产生引物二聚体且有较优的 FFPE(formalin-fixed paraffin-embedded) 样品
检测能力。 后，采用 DNA 测序，ARMS(amplification refractory mutation system)
技术及多重实时定量的双 PAP 技术同时对 20 份非小细胞肺癌组织样品和 25 份
FFPE(formalin-fixed paraffin-embedded)样品进行了检测，对 T790M 突变来说，
三者均检测到同一份阳性标本；对 L858R 突变来说，DNA 测序共检出 8 份阳性，
其余两种方法共检出 10 份阳性，符合率为 100%。后将该技术用于 K-ras 基因七
个耐药性突变的检测结果表明，七个耐药性突变的灵敏度均能达到单个拷贝，选
择性除 G12S 仅能达到 1/1000 以外，其余几个突变均能达到 1/10000，定量标准
曲线的线性关系也均能达到 0.990 以上，对 35 份 K-ras 临床样品的检测结果显示，
DNA 测序检出 3 份，ARMS(amplification refractory mutation system)技术检出 13
份，多重实时定量的双 PAP 技术检出 15 份，所有用 DNA 测序和
ARMS(amplification refractory mutation system) 技术能检测出的样品用多重实时

























Somatic mutations, which are often found in cancer, are good biomarkers for 
cancer detection and prognosis, or good targets of anti-cancer drugs and relation 
marks with drug response. But somatic mutations are often rare mutations with a large 
amount of wild DNA background. So it is not easy to detect these somatic mutations. 
This dissertation describes a novel technology namely multiple real-time quantitative 
Bi-PAP which aimed at the rapid and accurate detection of EGFR mutations of 
Non-small cell lung cancer and K-ras mutations of colorectal cancer. 
In chapter one, the relationship of somatic mutations and targeted therapies was 
reviewed. Advantages and shortcomings  of present somatic mutations detection 
methods were summarized and the concept of multiple real-time quantitative bi-PAP 
was introduced. It was clearly that mutations in EGFR(epidermal growth factor 
receptor) and K-ras are related to prediction of response or resistance to certain 
oncology drugs. Therefore,somatic mutations detection is very important. However, 
present somatic mutations detection methods can not meet the clinical requirement 
because of the low selectivity. Conventional PAP (pyrophosphorolysis-activated 
polymerization), which developed in last decade, can fulfill the clinical needs because 
of the extreme  high selectivity.  But Conventional PAP has some disadvantages such 
as easily -contaminated  and absence of quantitative ability and multiple ability. So, 
multiple real-time quantitative Bi-PAP which has quantitative ability and multiple 
ability was introduced. 
In chapter two, experiments were designed to verify the extreme high selectivity, 
quantitative ability and multiple ability of multiple real-time quantitative bi-PAP. 
Firstly, orderly verified the multiple ability, sensitivity, specificity, selectivity and 
quantitative ability. Secondly, experiments were designed to verify the severity  of 
primer-dimers and FFPE samples detection ability. Thirdly, multiple real-time 















In chapter three, results of T790M and L858R demonstrated that multiple 
real-time quantitative bi-PAP had multiple ability. The sensitivity of T790M and 
L858R were both 3 copies. The selectivity of T790M and L858R were both 
1/10000.The linear relationship of quantitative standard curve of T790M and L858R 
were both greater than  0.990. And multiple real-time quantitative Bi-PAP had no 
primer-dimers and had better FFPE samples detection ability. Detection results of 
twenty tumor tissue samples and twenty-five FFPE(formalin-fixed paraffin-embedded) 
samples had demonstrated that multiple real-time quantitative bi-PAP was 100% 
coincide with  DNA sequencing and ARMS. For T790M, all three detection methods 
detected one positive sample. For L858R, DNA sequencing detected eight positive 
samples,while ARMS and multiple real-time quantitative Bi-PAP both detected ten 
samples. Then multiple real-time quantitative Bi-PAP was used to detect seven 
mutations of K-ras gene. The sesitivity of all seven mutations were 3-5 copies.The 
selectivity of G12s was 1/1000 and other six mutations were 1/10000. The linear 
relationship of quantitative standard curve of all seven mutations were greater 
than  0.990. Detection results of thirty-five tumor tissue samples of colorectal cancer 
demonstrated that multiple real-time quantitative bi-PAP was 100% coincide 
with  DNA sequencing and ARMS. DNA sequencing detected three positive samples, 
ARMS detected 13 positive samples, and multiple real-time quantitative bi-PAP 
detected 15 positive samples. All samples that could be detected by DNA sequencing 
and ARMS could be detected by multiple real-time quantitative bi-PAP. 
This dissertation develops multiple real-time quantitative bi-PAP technology and 
establishs detection systems of the technology. Finally case-control study 
demonstrated that multiple real-time quantitative bi-PAP is a speed, accuracy and 
reliability  technology, thus it would be expected that all somatic mutations could be 
detected. 
 
















第一章  前言 
第一节 稀有突变和靶向治疗的关系 
1 非小细胞肺癌中 EGFR 稀有突变与靶向治疗的关系 
  肺癌的发病率和死亡率一直居于各类肿瘤之首 1。非小细胞肺癌（non-small 
cell lung cancer，NSCLC）约占肺癌总数的 87%。2007 年美国死于肺癌的病人数


















对吉非替尼的敏感性与否与 EGFR（epidermal growth factor receptor，表皮生长因
子受体）基因的突变情况是息息相关的 14, 15。 
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